Codon optimization of the HPV-16 E5 gene enhances protein expression.
The human papillomavirus type 16 (HPV-16) E5 protein is an 83-amino-acid, hydrophobic polypeptide that has been localized to intracellular membranes when overexpressed in COS-1 cells. While the HPV-16 E5 protein appears to modulate endosomal pH and signal transduction pathways, genetic analysis of its biological activities has been hampered by low (usually nondetectable) levels of expression in stable cell lines. Sequence analysis of the native HPV-16 E5 gene revealed that infrequent-use codons are used for 33 of its 83 amino acids and, in an effort to optimize E5 expression, we converted these codons to those more common in mammalian genes. The modified gene, 16E5*, generated protein levels that were six- to ninefold higher than those of wild-type HPV-16 E5, whereas the levels of mRNA were unchanged. 16E5* protein was detectable in keratinocytes by immunoblotting, immunoprecipitation, and immunofluorescence techniques and formed disulfide-dependent dimers and higher-order oligomers. Unlike the bovine papillomavirus E5 protein, which is present in the Golgi, 16E5* was localized primarily to the endoplasmic reticulum and its expression reduced the in vitro life span of keratinocytes.